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Abstract The wood anatomy of 21 collections of 7 species within Kadsura Kaempf. ex 
Juss. and 14 collections of 8 species of Schisandra Michx., representing a large proportion of 
two genera in Schisandraceae, was investigated using light microscopy and scanning electron 
microscopy. Several features in the secondary xylem, such as types of vessel elements, 
arrangement of vessel-ray pitting, types of ray and shape of the body ray cells, show 
consistent characteristics at the family level, which support the view that Schisandraceae 
represents a monophyletic group. The antiquity of Schisandraceae is supported by the 
presence of single vessel, scalariform perforation plates with many bars, scalariform vessel 
pitting and heterogeneous rays. A few apomorphic character states, such as simple perforation 
plates, helical thickenings in secondary walls of vessels and septate fibers, can be found in 
Schisandraceae, which make this family a mosaic with both plesiomorphic and apomorphic 
character states. AUPGMA analysis shows that species of Kadsura and Schisandra overlap in 
a dendrogram, which is congruent with the results from molecular data and indicates that the 
two genera are closely related, perhaps originating from the same ancestor. The wood 
anatomy evidence also confirms a close relationship between Schisandraceae and Illiciaceae, 
and does not support separation of Schisandraceae from Illiciales as Schisandrales. 
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Table 2 Wood anatomic features of Schisandraceae 
[| OO Vessel [ID Tracheid OO Ray 

Species A B C D E FG H I J K L M N O P R 

Schisandra 403.1 635 69 1837 + - — 1-3 4438 167 110 + 1-3 4844 400 + - 23 
chinensis 

S. elongata 361.3 100.0 57 79.7 -- 1-2 563.8 22.9 56 — 1-4 640.6 167 + — s2 
6. grandiflora 465.0 60.5 7.3 1203 -- 1-2 630.5 21.2 36 — 1-4 7813 300 + — s2 
S. henryi 357.8 70.5 6.2 1382 — ፦ ፦ 1-2 525.0 15.8 45 — 14 10938 133 + - 33 
S. plena 501.7 57.0 5.0 99.1 1-3 554.7 34.0 11 + 1-3 8594 72.2 - - 23 
S. propinqua 525.0 75.5 5.7. 78.0 1-3 671.9 32.5 28 + 1-3 10938 333 - - <2 
S. pubensens 481.9 66.7 13.9 1073 -- 1-3 509.4 9.1 06 -- 1-4 625.0 267 + - s2 
S. repanda 520.6 1140 44 471 -- 12 7102 14.6 36 + 1-5 843.0 652 + =2 
Kadsura 557.5 1045 8.2. 748 -- 2-3 715.0 14.5 28 + 1-3 834.8 454 + 23 

coccinea 
K. heteroclita 499.3 86.5 9.1. 797 - 12 6449 12.2 29 - 1-3 703.1 313 + + 23 
K. induta 360.6 80.0 10.1 136.3 - 1-2 628.8 9.9 74 + 13 13206 625 + + <2 
K. japonica 478.6 92.5 6.6 160.0 1-2 548.1 19.1 AS + 14 13110 632 + + 33 
K. marmorata 754.7 150.5 6.8 21.1 + — - 1-3 9969 18.0 32 — 1-5 991.3 467 — + <2 
K. scandens 554.7 130.5 45 34.1 + — — 1-3 7344 163 32 + 1-5 10202 40.0 — + >3 
K.verrucosa 627.7 121.0 45 423 =- — — 1-3 9672 31.6 54 — 1-5 1250.0 30.0 - + 2-3 
A, OD (um); B, O (um; C, OO O00 ; D, [1 000 (per mm’); E, 00 

SE; 1 [1 ; (5, ;H,000000:;100000 O (um); J, O (um); K, 
D [1] /[] U ቭ፡በበበበ፡እቴበ10በ00(1000); እ 0U (um); O, OO OO; P, 
[] [] (per mm?) +, በ ;— 
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of uniseriate; P, interconnected rays; Q, sheath cells; R, density of rays (per mm?). +, presence; —, obsence. 
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Figs. 1-6. Transverse section of secondary xylem, showing the growth ring and diffuse porosity. 1. Kadsura coccinea 
(Q. Lin & L. X. Wen 239). 2. K. japonica (X. Y. Wen s.n.). 3. K. marmorata (E. F. de Vogel 5501). 4. Schisandra chinensis 
(Q. Lin 991). 5. S. propinqua (O. Lin & L. D. Duan 1016). The arrow shows vessels (v). 6. S. repanda (C. M. Hu 2786). 
Figs. 7-9. Tangential section of secondary xylem, showing multiseriate and uniseriate rays. 7. Kadsura coccinea (G. R. 
Long 840262). The arrow shows rays (r). 8. K. scandens (Arsin 19563). 9. S. henryi (O. Lin 956). The arrow shows 
fiber-tracheid (ft). Fig. 10. S. plena (Z. Liu 53). The arrow shows fastener-like pits (flp). Figs. 11, 12. Radial 
section of secondary xylem. 11. Kadsura induta (Q. Lin & L. D. Duan 1006), showing uniseriate rays. 12. Schisandra 
henryi (Q. Lin 956), showing multiseriate rays. 

Scale bar: 1-9, 11, 12, 100 um; 10, 10 um. 
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0 13-22 000 [] 0 13 [ (10 954), በ [| D በ በ[] በ 0 (መሀ01:. በበበ (00. በሀ 
1016), [] [] [] O O (50)[1] 15. [] (] O O 2786), DODO [] (stp)[] 16. 

(Arsin 19563), OOOO U [] (90 17. በ [ በ በ [ (00 956), [] ][ [ በ በ ቨ በ (bal 
18. 0 [] D D] D] OO 984), 0 D OOOO bp 19. D 00(00 284), 000 0000 OO (apo 
20. (0 O 12), 100 21. OO 12), U O A 22. (E. F. de Vogel 
5501), [] O [| (06)[] [O 23, 24 O [] 23. S. plena (Z. Liu 53), [] O (bp)[124. S. plena 
(Z. Liu 53) [] (ppm) 
O O : 13, 14, 17, 20, 22, 100 um; 15, 5 um; 16, I um; 18, 19, 50 um; 21, 10 um; 23, 15 um; 24, 17.6 um 
Figs. 13-22. Some features of different sections. 13. Kadsura japonica (Q. Lin 954). The arrow shows crystal- 





containing tyloses (cct) in tangential section. 14. Schisandra propinqua (Q. Lin & L. D. Duan 1016). The arrow shows 
prominently sclerosed tyloses (st). 15. S. repanda (Q. M. Hu 2786). The arrow shows scalariform to transitional type of 
lateral wall pitting (stp) of vessel from tangential section. 16. K. scandens (Arsin 19563). The arrow shows helical sculpture 
(hs) on vessel walls. 17. S. henryi (Q. Lin 956). The arrow shows band-shaped callus (bc) tissue in transverse section. 18. S. 
pubescens (Q. Lin 984). The arrow shows the bordered pit (bp) in vessels. 19. S. pubescens (Q. Lin 984). The arrow shows 
the alternate lateral wall pitting (ap) of vessels from tangential section. 20. K. coccinea (Z. Liu 12), showing the inner zones 
of unmodified secondary xylem. 21. K. coccinea (Z. Liu 12). The arrow shows libriform fibers septate (sf) in tangential 
section. 22. K. marmorata (E. F. de Vogel 5501). The arrow shows oil cells in rays. Figs. 23, 24. Photos under the 
scanning electronic microscope. 23. S. plena (Z. Liu 53). The arrow shows bordered pit (bp) in vessels. 24. S. plena (Z. 
Liu 53). The arrow shows the porose pit membrane remnants. 

Scale bar: 13, 14, 17, 20, 22, 100 um; 15, 5 um; 16, I um; 18, 19, 50 um; 21, 10 um; 23, 15 um; 24, 17.6 um. 
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Table 3 Wood characters, their states and code numbers used in data matrix 
No. Character Character states and their code numbers 
[] [] pore arrangements solitary (0); cluster (1) 
2 [] morphology of vessel elements slim (0); [] O thick (1) 
3 [] length of vessel elements 7 500 um (0); « 500 um (1) 
4 [] diameter of vessel elements *50--100 um (0); 100-200 um (1) 
5 [| density of vessels **> 100/mm? (0); 40-100/mm? (1) 
6 [] D transverse section of vessels angular (0); circular or oval (1) 
7 [] 0 O helical thickenings [] absent (0); [] present (1) 
8 poo [] perforation plates scalariform (0); [| transitional (1); 
single (2) 
9 [] length of tracheids *700--1000 um (0); 500—700 um (1); < 500 um (2) 
10 [] diameter of tracheids <15um(0); >15um(1) 
11 111 EL [] pits of tracheids scalariform (0); [] [] [] transitional (1); [] 
alternate (2) 
12 Og septate fiber ***[] absent (0); [] present (1) 
13 [] interconnected rays absent (0); present (1) 
14 [] ray type [] II heterogeneous type II (0); 
[] I heterogeneous type I (1) 
15 [] sheath cells of ray [] absent (0); present (1) 
16 [] height of ray **> 1000 um (0); < 1000 um (1) 
* D IAWA Committee (19391 ; **[] D IAWA Committee (1989)[] NER Tippo (1938)[] 























































































































































































































































































































* According to TAWA Committee (1939); ** According to TAWA Committee (1989); *** According to Tippo (1938). 
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በበበ] dd po o00005 0000000, 000 000000000000 
0000005000000, 400 0d 00d 0 0000000000000 
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Gilbert (19400 DODOD0D00D0 00000000000, 0000000000 
DODODO DO DO 0000000000000, 0000000000000 
pop00000000,00000000,00000000,000000000 
DoODd0000000, 0000000000000 00000005000 000 
D 25-31 un 25 (0 በ 2786), Dau [ []26. aoig 
6289), 000000000000002. 00000 G00 2786, 0000000000000000000 
OOOO 028. 0000000 55. 0000 0002. 00 (0 O 983) O 
00 30. 0000 975), 000 000031. 00 ( 
955), O 
: 25, 10 um; 26, 27, 50 um; 28-31, 100 um. 
Figs. 25-31. Maceration of wood. 25. Schisandra repanda (C. M. Hu 2786), showing crystal-bearing sclerenchymatous 
element on lateral walls of tracheids. 26. S. repanda (C. J. Qi 6289), showing simple perforations plate and short tail at the 














end of vessel. 27. S. repanda (C. M. Hu 2786), showing simple perforations plate and scalariform, transitional, opposite or 
alternate pit arranged on vessel walls. 28. S. plena (Z. Liu 53), showing scalariform perforation plates at the end of vessel. 
29. S. grandiflora (O. Lin 983), showing narrow vessels and scalariform transitional to single perforations plate at the end 
of vessel. 30. S. elongata (Q. Lin 975), showing fiber-tracheid with crystal-bearing sclerenchymatous element on lateral 
walls. 31. S. elongata (Q. Lin 955), showing fibers. 

Scale bar: 25, 10 um; 26, 27, 50 um; 28-31, 100 um. 
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Table 4 Wood anatomic data matrix for UPGMA 
0 0 0 0 0 0 0 0 0 | 1 1 1 1 1 1 
1. :2. gog - 6፦.-06” 07-18, 9 70: AL 2. 30 2፡ 6 
[] Kadsura coccinea 0 1 0 1 1 1 0 0 0 1 1 1 1 1 1 
[] K. heteroclita 0 1 1 0 1 1 0 1 0 1 0 1 1 1 
[] [] K. induta 0 1 1 0 0 1 0 1 0 1 1 1 1 1 0 
[] K. japonica 0 1 1 0 0 1 1 1 1 1 1 1 1 1 0 
[1] [] [] [] [] K. marmorata 0 1 0 | 1 1 1 0 1 1 0 0 1 1 
[] [] K. scandens 0 1 0 | 1 1 1 0 1 1 1 0 1 1 0 
[] K. verrucosa 0 1 0 | 1 1 0 0 1 1 0 0 1 1 0 
[] Schisandra chinensis 0 1 1 0 0 1 1 2 1 1 1 1 1 0 
[] S. elongata 0 1 1 0 1 1 0 1 1 1 0 1 | 0 1 
[] O [] S. grandiflora 0 1 1 0 0 1 0 1 1 1 0 1 | 0 
00000 5. henryi 0 1 1 0 0 1 0 1 1 1 0 1 1 0 0 
[] S. plena 0 1 0 0 1 1 1 1 1 1 1 0 1 0 1 
[] S. propinqua 0 1 0 0 | 1 1 1 1 1 1 0 1 0 0 
[] S. pubescens 0 1 1 0 0 1 0 1 0 1 0 1 1 0 1 
[] S. repanda 0 1 0 1 1 1 0 0 0 1 1 1 1 1 1 
[] Illicium angustisepalum 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
፪ 1) = Mean በ]በ.00000000000000[0[ 
፪ 1404 በበበ00፲..00010009000:0 
w] 0000,0000.0000000 
o 
፪ wl O O (heterobathmy) [] [] [] [| [][] D] [] 
8 al 
፳ | በበበ00..በ000100[0090000 
=" n 
- | 
= ©] 000000000000000 
D S spl spr sre spu [] [] [] [] [] [] [] (0 [] [] [] [] [] [] [] [] ) 
በ10[0[0000[0000008000.0 
[] 32 ü n 
Fig. 32. Scattered-plot based on diameter of vessel. kco, [] [] [] [] [] D (0 [] O [] › 2002)[] [] [] O 
Kadsura coccinea; khe, K. heteroclita; kin, K. induta; kja, K. [] [] [] (Yang & Lin, 2005)[] [] [] [] [] [] 
japonica; kma, K. marmorata; ksc, K. scandens; kve, K. 
verrucosa; sch, S. chinensis; sel, S. elongata; sgr, 5. (0 [] [] A 2000)[] [] [] [] [] [] [] [] ; [] [] 
grandiflora; she, S. henryi; spl, S. plena; spr, S. propinqua; sre, 
S. repanda; spu, S. pubescens. 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
000000; 0000000, 200; 
Hao et al., 2001; Denk & Oh, 2005; Liu et al., 2006; Wang et al., 2200600 00000000 
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Fig. 33. A UPGMA dendrogram using 16 wood Fig. 34. A UPGMA dendrogram using 16 wood anatomic 

anatomic characters for Kadsura. characters for Schisandra. 
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Fig. 35. A UPGMA dendrogram using 16 wood anatomic characters for Schisandraceae. 
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R. Geesink 90010] [] 0 [] [| [| Kadsura acsmithii R. እፈ K. Saunders] [] L1 1| OO LI [] 
000,00000000000 [በ Saunders (1998)[ [] O 2030000000000 
O W. Meijer 73110 I 0 OJ. A. Lórzing 4800] | | | | ] |] BL HL DL B. . ||| 1 [| [| D] 
0. 0000000000 0 [ (20021] K. acsmihi 00000000000 

በ] በ በ]በበገ]] 000000000, 00 000000000 (19610 [| [| 
Kadsura ananosma Kerr] 0 OO OU DO DO [በ [1 OO 1[1]1][1][01[][01[1][በ10 000 [ 
በበበበ00000000000000000ዐ00›.0000ጠ0.00800080ቨ 
O O [] Saunders (1998)|] K. ananosma[] | 000000000090 
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Table 5 Comparison of wood structure between Schisandraceae and Illiciaceae 
D 
Char act ers Schi sandr aceae Illiciaceae 
OOOOdO0 [] 0 D D 
Stele type of primary xylem peseudo-siphonostele, eustele peseudo-siphonostel 
[] [] Secret cells in phloem [] presence [] presence 
Og [] Secret cells in rays [] presence [] presence 
Od [] Porocity [] ,00000 0 
ring porous or diffuse porous diffuse porous wood 
I1 B [] [] Pore arrangements wood O O solitary 
[] solitary 
O Length of vessel elements (um) 361- 755 1034-1702 (Carlquist, 1982) 
[] Diameter of vessel elements (um) 50-155 40—80 (Carlquist, 1982) 
0 [| Thickness of vessel wall (um) 23 13 
[] [] Helical thickenings = E 
[] presence [] presence 
| []| [] [] [] circular or oval [] [] angled 
Transverse section of vessels 
0000 Type of perforation plates uat DIOD 0000 00 scalariform type 
simple, scalariform or transitional 
type 
[] [] [] Remains of bordered pits [] presence [] presence 
p-40000 [] OOO00 OOO O ü n 
Pits between vessels and rays scalariform, alternate or scalariform, opposite or transitional 
transitional type type 
[] [] Pits [] Bordered [] Bordered 
[] Length of tracheids (um) 443-1000 1309-2109 (Carlquist, 1982) 
[] Diameter of tracheids (um) 9-34 10-19 
[] [] [] [] [ 1.10-1.74 1.15-1.75 (Carlquist, 1982) 
Ratio of tracheids/vessels 
[] Axial parenchyma O diffuse and O [] diffuse and paratracheal 
[] Ray type paratracheal O ( ID, ID) 
[] |( D multiseriate and uniseriate 
multiseriate and uniseriate (heterogeneous type 11, few 
(heterogeneous type 1) heterogeneous type 1) 
[] [] Inconnected rays [] presence [] presence 
[] [] Sheath cells 0 presence or absence [] absence 
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